Abstract. Periodontal disease can be more efficiently studied within a homogeneous population where genetic influences and lifestyles are similar enough to negate their effect on the disease process. This study focuses on an Amish population in southern Michigan who isolate themselves from outside influences and their non-Amish neighbors. A total of 425 Amish and 290 non-Amish were contacted resulting in 330 Amish and 215 non-Amish who were examined in their homes giving a participation rate of 76.2%. Ages ranged from 18 to 82 years. Prevalence of periodontal disease tended to be higher among males and increased with age. There were slightly more Amish females (52%) than non-Amish (49%). Means of periodontal conditions for Amish were 1.35 mm for attachment loss, 2.59 mm for pocket depth, 0.24 for calculus, 0.77 for plaque and 0.74 for gingivitis. For non-Amish, the means were 1.03 mm for attachment loss, 2.38 mm for pocket depth, 0.40 for calculus, 0.95 for plaque and 0.87 for gingivitis. It is of interest that the Amish do not practice routine oral hygiene. Only 36.8% of Amish reported brushing at least 1 x a day compared to 84.6% of non-Amish. Similarly, only 8.2% of Amish reported flossing at least 1 x a week compared to 40.8% of non-Amish.
The Amish in this study isolate themselves from the outside world by living without electricity, telephones, or automobiles and marrying within their society. As reported previously (Bagramian et al. 1992) , the Amish maintain a secluded lifestyle as a result of religious values established in the 16th century in Switzerland. The extent of isolation and self-sufficiency of the Amish community is demonstrated by the existence, of Amish schools, which children attend to 8th grade. Only a few of the Amish, 8%, in this study completed high school in public schools. Households of 10 or more comprising extended family members are common (McKusick 1980 , Hostetler 1980 . This secluded population provides a unique opportunity to investigate the impact of a variety of factors on prevalence of periodontal disease.
Low levels of periodontal disease found among the Amish in pilot studies (Bagramian et al. 1988) formed the basis for the present intensive study. Our previous paper assessed dental examinations conducted on an Amish farming community during the 2-year period 1989-90. The purpose of this paper is to report periodontal disease data collected for Amish (A^ = 330) and nonAmish controls (A^ = 215) over the entire 3-year period, 1989-91, Assessments of behavior, attitudes toward oral hygiene, and knowledge of periodontal disease are examined along with various measures of periodontal disease.
iVIethods
Amish farms are interspersed with nonAmish farms in the area targeted for this study. A map of the Amish community identified Amish and non-Amish farms. Letters were mailed to all area residents informing them of our study and soliciting participation. The 2 populations were approached in as similar a fashion as possible. For Amish respondents, several steps were involved in gaining entry into individuals' homes to conduct the interview and exam. The 1st entry point was the religious leaders called Bishops. Each Bishop has responsibility for apprixmately 30 Amish families and has ultimate authority over access to Amish. After receiving a Bishop's approval, the team was able to contact individual families, where the 2nd entry point was the head of the household. Once the household head agreed, the investigators were free to solicit participation of individual family members.
Since Amish participants were recruited door-to-door, non-Amish were also recruited door-to-door. Every nonAmish house was approached to ensure the sample was as similar to the Amish as possible. Unhke the Amish, these in-dividuals could be accessed directly. Solicitations were made during the evening as well as the daytime to avoid biasing the sample.
A total of 425 adult Amish men and women over 18 years of age were contacted and of these, 330 were examined, giving a 77.6% response rate. Of the 290 non-Amish contacted, 215 responded, a response rate of 74.1%. All subjects were reimbursed for participation and no dental treatment was provided. Conditions similar to the field were used to calibrate 3 examiners to a reference periodontist, and x-statistics between each of the examiners were calculated for level of agreement on attachment loss and pocket depth. For attachment loss the xs ranged from 0.64 to 0.70, and for pocket depth, they ranged from 0.90 to 0.93, well within the limits in other studies and national surveys (Brown et al. 1989) .
Electricity was not available in homes, requiring examinations to be performed with a battery operated head light and portable dental chair. Measurements were taken from 6 standard sites of all existing teeth except 3rd molars: distal-buccal, mid-buccal, mesiobuccal, disto-lingual, mid-lingual and mesio-lingual. The following indices were included: Silness & Loe (1964) plaque index, Loe & Silness (1963) gingival index, Ramijord (1976) calculus index, and modified Ramfjord (1976) PDI for pocket depth and attachment loss measurements. A Hu-Friedy no. 11 periodontal probe was employed to measure loss of periodontal attachment and pocket depth to the nearest millimeter.
A 1-h, comprehensive questionnaire was administered by a trained interviewer. Items regarding demographic characteristics, former health problems, current medications, allergies, tobacco use, frequency of physician visits, and family oral health history provided an overall picture of the respondents' general health. Oral health attitudes and practices were probed through a series of questions on the respondent's oral health history, recent dental care, daily oral hygiene habits and satisfaction with dental services. The 23-page instrument was pre-tested on adult patients at the University of Michigan School of Dentistry over a 3-week period. Internal validity was checked through repetitive questions with altered wording or a reverse response and modified.
A knowledge score was computed based on 8 questions that evaluated the respondent's ability to define periodontal disease. An index of oral hygiene was also created from 4 questions dealing with brushing, flossing, rinsing, and periodontal disease. Severity of periodontal disease was examined to identify differences for Amish compared to controls by identifying the proportion of people with ^ 1 site at various disease levels (Kingman et al. 1988 ) and by assessing wholemouth means. Disease was delineated as having ^ 1 tooth with 4 mm of attachment loss or 5 mm of pocket depth or a mean greater than 1.5 mm attachment loss or 3.0 mm pocket depth.
Logistic regression was applied to determine the relationship between explanatory variables: age, gender, Amish or non-Amish, oral health care; knowledge of periodontal disease, whether or not the person had mean plaque or mean gingivitis scores > 1 or mean calculus scores >0; and presence or absence of disease. Each explanatory variable was entered into the model sequentially to determine the extent of any additional impact on the model ability to predict the probability of disease. Interactions between explanatory variables were also entered into the model. Variables that did not show a significant dependent relationship with independent variables, as evidenced by the pvalues for the Wald /-statistic, were dropped from the model. This iterative process resulted in identification of explanatory variables that significantly relate to periodontal disease. Odds ratios were calculated.
Results
Amish respondents were younger (81% under 45) than non-Amish (54% were under 45) and less educated; 8% had a 12th grade education compared to 50%) of non-Amish. There were slightly more female Amish (52%) than males (48%). Gender for non-Amish was almost evenly spHt with 49%o female and 51% male.
A larger proportion of non-Amish had a full dentition at all age levels except for ages 25-34 years (Tables 1, 2 ). While 64%o of Amish age 18-24 years had a full dentition, 78%o of non-Amish at this age had all of their teeth. Similarly, only 10%o of Amish over 55 years had a full dentition while 19%) of nonAmish of this age had all of their teeth. The mean number of teeth present, however, differed little except for the age group 45-54 years, where the mean was 19.2 for Amish and 24.2 for nonAmish.
Mean attachment loss for Amish was 1.35 mm while mean pocket depth was 2.59 mm. For non-Amish, the means were slightly lower: 1.03 mm for attachment loss and 2.38 for pocket depth. Mean calculus scores were low with an overall mean of 0.24 for Amish and 0.40 for non-Amish. Plaque and gingivitis means showed somewhat higher levels but were still relatively low: 0.77 and 0.74 for Amish and 0.95 and 0.87, respectively, for non-Amish.
Among Amish, females had lower attachment loss levels than males at every age except the youngest. Gingivitis and plaque showed similar age-and gender-related increases, while the change in pocket depth levels was not as dramatic. For Amish, attachment loss rose from 0.96 mm at 18-24 years to 2.18 mm at age 54 years and above (Table 3) . For non-Amish, attachment loss levels increased consistently with age from 0.68 mm at 18-24 years to 1.69 at age 54 and above (Table 4) .
The distributions for oral hygiene practices and knowledge of periodontal disease showed significant differences between Amish and non-Amish respondents. Given their secluded life style, the Amish performed as expected, scoring lower than non-Amish on the identifi- cation and prevention of periodontal disease. 35% of the non-Amish sample provided the correct response to 8 knowledge questions while only 10% of the amish could. Over -/^ of Amish indicated incorrectly that cavities were indicative of periodontal disease and that widening of spaces between teeth was not an indicator. It is important to point out that this lack of knowledge is evident in the reported oral hygiene practices of Amish, who show low behavioral scores when asked about actual practices. Table 5 shows that the proportion of persons with 4 mm or more of attachment loss rose with age, as expected. A greater proportion of Amish had 4 mm of attachment loss at every age level. The overall difference in the proportion of respondents with ^ 1 tooth at the 4 mm level was 62% for Amish and 52% for non-Amish.
Logistic regression showed a high risk for attachment loss of 4 mm for respondents who were Amish, male, older, had calculus, and knew little about the signs of gum disease (/?<0.05, Table 6 ). For pocket depth of 5 mm, the best-fitting model includes Amish, older, male, having calculus, and having gingivitis as significant risk factors. The odds ratios presented in Table 6 show age as being the highest risk factor of 4 mm of attachment loss. For pocket depth, the greatest risk is among those with gingivitis. Behavior, plaque, and interactions between the independent variables did not reach statistical significance in the final model for attachment loss or pocket depth. However, when factors related to having gingivitis, calculus, or plaque were examined, interactions and behavior were important. The significant risk factors for plaque are being Amish, older, having little knowledge about the signs of periodontal disease, and the interaction between Amish and behavior (Table 7 ). Significant factors related to having gingivitis are being Amish, older, having little knowledge about the signs of periodontal disease, behavior, and the interactions between Amish and knowledge of the signs of periodontal disease. No factors were significantly related to having calculus.
When whole mouth means were examined, being Amish, age, and gender (male) were significantly related to attachment loss. These 3 variables constituted the entire set of independent variables for the final model. For mean pocket depth, having gingivitis, being Amish, age, and male were significant risk factors.
Discussion
The Amish settlements in Michigan present an exceptional opportunity to study demographic factors and behaviors associated with periodontal disease. Amish homes are interspersed among non-Amish, thus reducing environmental influences not related to genetics or life-style on the disease process. The Amish and controls in this study were predominantly farmers.
The examination of different measures of periodontal disease in this study indicates that an assessment of severity when measured as the presence of ^ 1 site at a specific disease level, yields more information than an assessment of whole-mouth means ). Only Amish, gender, and age were significantly related to mean levels of attachment loss and pocket depth, whereas severity measured at ^ 1 site at a specific level showed additional factors as being significant predictors.
Amish respondents reported lower education levels, scored lower on knowledge of signs of periodontal disease, and reported less oral health care than non-Amish. The difference in disease levels, although statistically significant, is clinically small. Overall, Amish respondents had only 0.32 mm more attachment loss and 0.21 mm rnore pocket depth than non-Amish. Differences in plaque, gingivitis, and calculus were also small.
Both measures of periodontal disease, attachment loss of 4 mm or pocket depth of 5 mm, assessed among Amish and non-Amish respondents, demonstrated the expected relationships with age and gender. The odds of having attachment loss of 4 mm were higher among persons with calculus and those who knew httle about the signs of periodontal disease. The highest odds ratio for pocket depth of ^5 mm was for persons with gingivitis. This may be due to inflammation that occurs with gingivitis. A pocket may be measured deeper by the examiner if the area around the tooth is swollen due to gingivitis. Calculus showed the 2nd highest odds ratio for pocket depth. Calculus is formed over a longer period of time than plaque and gingivitis; thus, it is not surprising that calculus was the only measure of the 3 that was a strong predictor of attachment loss and pocket depth.
The high odds ratio between having gingivitis or plaque and being Amish reflect the low behavior score among the Amish (Table 7) . It is interesting to note that behavior was not statistically significant for attachment loss or pocket depth and was significant in the plaque and gingivitis models. Levels of plaque and gingivitis in the mouth are affected by brushing or flossing, whereas the connection between oral hygiene and pocket depth or attachment loss is not as straightforward; these results are thus in line with current thought that considers plaque and gingivitis separate entities from the more advanced disease of attachment loss (Williams 1990 ). Oral health care and knowledge about the signs of periodonta] disease were significant risk factors for having plaque along with the interaction effect of oral health care and being Amish. The gingivitis model was similar with being Amish, male, high behavior score, high knowledge score, and the interaction between being Amish and knowledge of periodontal disease as significant.
The modest differetices between Amish and non-Amish oral health were interesting given the dramatic differences in oral hygiene practice and knowledge of periodontal disease. A lack of knowledge may well lead to a lack of dental care which is expected to lead to periodotital disease and missing teeth. This study of oral health indicates Amish have slightly more disease than nonAmish, which is in line with the reported lack of knowledge of periodontal disease and poor oral hygiene practices among Amish.
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